. Even though ICT infrastructure in schools for teaching and learning has more than doubled, from 12.3% in 1999 , to 26.5% in 2002 (DOE, 2004 ) and 38% in 2007 (DOE, 2007 , the situation is not conducive for integration at all levels of education. The e-Education White Paper stipulates a three-phase plan to have a fully integrated ICT system in all spheres of education, administration, management and teaching and learning, by 2013 (DOE, 2004 . However, as the stance of mathematics teaching and learning is a muchdebated issue and concern in South African schools (Prew, 2013) , role players in education have to take notice of the findings from SITES 2006 if we want an ICT-integrated and competitive education system. However, merely introducing ICT into teaching and learning is not sufficient to ensure its effective use for teaching and learning. Teachers should be competent with sufficient TPACK in order to adequately integrate ICT into their pedagogical practices (Mishra & Koehler, 2006 
Theoretical framework
Mathematics teachers in South Africa have different philosophical and ontological views on what mathematics teaching should encompass. This is especially true of how mathematics should be used, facilitated or taught in specific situations. Whilst many view mathematics teaching as conforming to a set of rules, others regard it as either a deductive or an inductive learning processes (Huetinck & Munshin, 2000) . Nieuwoudt (2006) recommends that the teaching and learning of mathematics should be viewed from an ontological-contextual perspective comprising six interrelated aspects: the teacher, learner, content, intention, live interaction and the context. These components collectively enable learners to perform learning tasks. Teachers, who facilitate teaching and learning, should have clear goals about what they want to achieve during teaching and learning interventions. Mathematics teachers ought to have the relevant mathematical knowledge, skills, attitudes and values that they want their learners to achieve in order to facilitate learners in a specific context (DOE, 2002) .
With the introduction of ICT into teaching and learning, Mishra and Koehler (2006) built upon Shulman's theory and constructed the Technological Pedagogical Content Knowledge Conceptual Framework (TPCK), renamed by Schmidt et al. (2009) as TPACK, which describes the relationship between technology, pedagogy and content. In order for technology to add value to teaching and learning, it cannot be regarded as context-free, but must be linked to pedagogy. Figure 1 presents the TPACK framework with the seven components and shows the interface of the integration of content, pedagogy and technology. Shulman (2004) discusses the categories of knowledge that facilitate teaching: content knowledge and pedagogical knowledge.
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Content knowledge refers to the quality and organisation of knowledge in the thought processes of teachers. Mathematics teachers should have appropriate content knowledge in order to be able to teach the subject fluently (Ball, Thames, & Phelps, 2008; Mishra & Koehler, 2006) .
Pedagogical knowledge refers to the expertise of teachers in selecting appropriate methods of teaching the particular content to learners.
Pedagogical content knowledge, the interface between subject and pedagogical knowledge, is referred to as specialised content knowledge (Shulman, 2004) . Pedagogical content knowledge becomes evident when teachers have the ability to build on their learners' prior knowledge and adapt their teaching strategies to best facilitate the new content to learners (Mishra & Koehler, 2006) . Content knowledge, pedagogical content knowledge and technological knowledge are important dimensions of effective teaching with ICT.
Technological knowledge refers to the ability and skills to use the variety of technologies such as books, chalk and blackboard, as well as technologies such as computers, the Internet and digital resources, to teach learners the required content.
Technological content knowledge refers to how content can be taught with the use of technology. Technological content knowledge is the area where technology and pedagogy link. This knowledge base is where the teaching and learning occur due to the existence, components and capabilities of the various technologies. Teachers with technological content knowledge select a specific teaching strategy, as well as the most appropriate ICT, to teach curriculum content to learners (Draper, 2010) .
The central part of Figure 1 is the intersection between content knowledge, pedagogical knowledge and technological knowledge; this is known as Technological Pedagogical Content Knowledge (TPACK), which is not merely knowledge of technology, pedagogy and content individually, but also the basis of effective teaching with ICT . TPACK aims to support skills development of teachers for acquiring and explaining how technology-related subject-specific knowledge is applied during teaching and learning activities . Mathematics teachers are a diverse group with different teaching and learning styles; therefore, no single permutation of content, pedagogy and technology will be applicable to every teacher (Koehler, 2012) . However, overall TPACK requires mathematics teachers to have:
• an understanding of how to represent mathematical concepts with technology • pedagogical skills that utilise technologies constructively to transfer content • fundamental knowledge of what brands mathematical concepts as difficult or easy to grasp • knowledge of how technologies can assist learners in solving mathematical misconceptions • knowledge of learners' existing mathematical knowledge and their learning styles • knowledge of how to utilise technology to construct new knowledge using learners' existing knowledge ).
Learners can engage in an abundance of activities in which they utilise ICT; they can conduct research and communicate through ICT with peers and their teachers to augment their learning. ICT has the potential to enhance both the theoretical and practical aspects of teaching and learning: speeding up and enhancing work production, linking school curricula with reality, supporting exploration and experimentation, and providing immediate feedback. ICT focuses attention on overarching issues, increasing the relevance of underlying abstract objects to improve motivation and engagement (Osborne & Hennessey, 2003) . This, however, solely depends on how it is used by the teacher. More importantly, such activities will not be effective unless learners engage with technological devices. It is the teachers' responsibility to simultaneously impart ICT competency whilst focusing on mathematical pedagogical knowledge and developing learners' attitude and values in a constructivist learning environment (Draper, 2010; Galloway, 2007) .
Research design and methodology

Secondary data analysis
The study followed a methodology of secondary data analysis of the South African mathematics teachers' dataset of SITES 2006 (Brese & Castens, 2009) . Secondary data analysis refers to the empirical exercise that uses specific research questions and existing data for further analysis, using either the same or different statistical procedures (Smith, 2008) . For t-tests and analysis of variance (ANOVA), the data consist of a set of scores, such as intelligence quotients, attitudes, time, errors and so on. Each subject has one quantitative score. For Chi-square (χ²) analysis, however, the data are frequency counts in categories. Each subject is observed and placed into one category. The frequencies of observations in categories are counted and the Chi-square test is calculated from the frequency counts. Chi-square analysis compares the observed frequencies of a category to frequencies that will be expected if the null hypothesis is true (Spatz, 2008) . In this case, statistical significance tests (e.g. Chi-square tests) are used to show that the results of the correlations between the items in the SITES 2006 mathematics teachers' questionnaire are practically statistically significant. Chi-square can be considered as effect sizes: A Cramér V value of less than 0.3 is considered to show a small effect with no or very little practically significant correlation; a Cramér V of between 0.3 and 0.4 is considered to signal a medium effect that tends towards practically significant correlation; a Cramér V value of 0.4 or larger is considered to show a large effect with practically significant correlation. The SITES 2006 dataset provided opportunities to explore the associations between variables that were not calculated or reported during the main study (Law et al., 2008) .
SITES 2006 South African mathematics dataset
In the 1990s, the International Association for the Evaluation of Educational Achievement initiated comparative research on the use of ICT in education. SITES 2006 aimed to determine the influence of ICT on teaching and learning in schools (Blignaut, Els & Howie, 2010 (Blignaut et al., 2010) . SITES 2006 administered three questionnaires:
(1) a questionnaire for school principals, (2) a questionnaire for ICT coordinators and (3) a questionnaire for mathematics and science teachers (Brese & Castens, 2009 ).
Researchers from the University of Twente, Hong Kong University and the IEA Data Processing Centre in Hamburg, Germany, coordinated the main study. The national research coordinators of each country managed local data collection and data capturing (Law et al., 2008) . The international study population comprised schools with learners enrolled for mathematics and science in the target grade, that is, schools with students studying in the grade that represents eight years of schooling (Blignaut et al., 2010) . The sample size per education system was fixed at a minimum of 400 schools. In each school the teacher of one of the classes in the target grade (Grade 8 mathematics or science) was randomly selected to participate (Law et al., 2008) . No official report was written of the SITES 2006 study for South Africa. This secondary data analysis focused on an aspect that was not analysed during the SITES 2006 study. The dataset used for this secondary data analysis comprised a stratified sample of the 640 mathematics teachers from about 500 randomly selected computer-using and non-computer-using schools who completed the SITES 2006 teachers' questionnaire (Blignaut et al., 2010) . The second author of this study was the co-national research coordinator for SITES 2006 in South Africa and had access to the South African dataset.
Procedures
In order to address the research question, that is, to explore to what extent TPACK can contribute towards more effective Grade 8 mathematics teaching and learning in South African schools, the TPACK conceptual framework was applied. The SITES 2006 teachers' questionnaire comprised eight parts: Statistical relationships (associations) between categorical variables were determined with Chi-square tests and effect sizes to determine if the relationship was large enough to be significant (Ellis & Steyn, 2003) . Only the effect sizes of significance are reported. The Statistical Consultation Services of our university assisted in the cross tabulation analysis using SPSS® 16.0 for Windows (SPSS, 2007) .
Findings
This section presents the findings that Grade 8 Figure 2 shows the effect sizes of the four main TPACK clusters. The following section will discuss these clusters.
Technological pedagogical content knowledge clusters
Impact of ICT use
The main 19A-K from Part VI and items 20A-N from Part VII of the questionnaire; these items focused on the impact of ICT on different teaching, learning and planning aspects. For the purpose of this secondary data analysis, there was little difference between the three categories and the researcher combined the categories 'ICT knowledge to a certain extent (a little and somewhat)', 'adequate ICT knowledge (a lot)' and 'no knowledge to use ICT (not at all)' to create two analysis criteria: TPACK (I know in which teaching and learning situations to use ICT) and NO TPACK (I do not know in which teaching and learning situations to use ICT). The impact of TPACK clustered into two categories: (1) insufficient ICT knowledge by the teachers and (2) increase in learners' knowledge, skills and affect. These two categories correlated to a medium effect that tended towards a practically significant association and a large effect with practically significant association (Figure 2 ).
Insufficient ICT knowledge
Two hundred and twenty-two teachers responded affirmatively to the survey question 'I know which teaching and learning situations are suitable for ICT use'. The researchers posit that this portion of teachers represented the ideal population that had adequate and integrated technological, content and pedagogical knowledge (Figure 1) , henceforth referred to as TPACK. Teachers who responded negatively to this question (N = 282) did not have all the elements of TPACK, but could relate to another category of the framework. In order to investigate which category of knowledge those non-TPACK teachers should improve, the responses to questions 19A-K were correlated with their responses to question 21J (Table 1) .
Amongst the teachers who knew which teaching and learning situations were suitable for ICT use (TPACK in Table 1 ), 39% did not think they had sufficient knowledge and skills to incorporate new teaching methods. Also, 61% reported that they did not know in which situations to incorporate ICT, and also did not know when to incorporate new teaching methods (large effect, V = 0.47). Another large practically significant association (V = 0.47) was evident between TPACK and collaborating with peers and colleagues. Not knowing in which situations to use ICT, to a lesser extent though still with practical significance, correlated with absence of knowledge about searching for resources, incorporating new ways of learning and performing administrative tasks.
A portion of non-TPACK teachers found it difficult to provide individualised feedback; this correlation tended towards practical significance. This association could be due to insufficient ICT, subject or pedagogical knowledge (Thompson, 1988) . A medium effect indicated the correlation between TPACK teachers and increased work pressure.
Overcrowded classrooms mean teachers are overworked. New or additional teaching requirements, without adequate training, make teachers less likely to embrace technology at their disposal for fear of increased work demands (Mofokeng & Mji, 2009 ). These findings are in concurrence with the work of Al-Senaidi, Lin and Poirot (2009), who indicate that poor ICT knowledge leads to hindrances in the performance of teachers with insufficient TPACK. Although ICT was available to teachers in many cases, their TPACK did not seem to improve as there were other contributing factors preventing ICT integration. This suggests that although teachers may have access to computers, without adequate continuous professional teacher development, it is unlikely that ICT will be utilised optimally (Mofokeng & Mji, 2009 ).
Increase in learners' knowledge, skills and affect
According to the TPACK framework, an ideal teacher is able to integrate knowledge of technology, mathematics, content and pedagogy (Figure 1 ), knows in which teaching and learning situations ICT use is suitable and has a positive effect on their learners' knowledge and skills. The questionnaire probed whether such knowledgable teachers reported whether such effects were observed in their learners. Three indicators were used: change, no impact and decrease in learners' knowledge, skills and effect. The correlations between the effect of the teachers' TPACK status and the change in their learners' knowledge and skills are given in Table 2 .
The teachers relating to this part of the analysis had TPACK. The analysis of this group of teachers yielded quite uniform results for all skills. Between 70% and 76% of these teachers indicated a change in the mathematics knowledge and skills in their learners since they started to implement ICT in teaching and learning, whilst 19% of those teachers indicated no impact. Less that 10% indicated a decrease in their learners' skills. It is not possible to pinpoint the reasons for the decrease of knowledge and skills amongst learners, as a number of factors can influence their learning. What is important is that all the mentioned skills in the learners increased in classes taught by TPACK teachers, with a medium association effect.
From these results it is evident that ICT, when integrated effectively into the curriculum, will pave the way for learners to achieve the critical and learning outcomes in mathematics (DOE, 2002) .
Teacher practices
Mathematics teachers should embrace TPACK to deepen their teaching and learning experiences across the curriculum in order to ensure that the outcomes for mathematics are met (Mishra & Koehler, 2006 , p. 1026 . TPACK is essential for ICT integration in mathematics classrooms and the use of ICT should form an integral part of teaching and learning practices. In order to investigate which category of teacher practices with ICT the non-TPACK teachers needed to focus on, the responses to questions 9A-C, 9G, 9H, 9J, 9M and 14A-L from Part III were correlated with the responses to question 21J (Table 3) .
Teacher practices with ICT of teachers with TPACK (Table 3) showed a medium associated effect. Many teachers (63%) with no TPACK did not employ ICT during teaching, but some (37%) tried to use ICT when teaching content to their learners. Teachers who had TPACK (30%) were able to present essential information, provide rich demonstrations and facilitate interactive classes using ICT. TPACK enables teachers to build on their own, as well as their learners', existing knowledge in order to develop strong attitudes and positive beliefs towards mathematics (Mishra & Koehler, 2006; Swan et al., 2002) .
Confidence
Multiple studies on ICT integration have identified insufficient confidence as a major barrier to ICT integration in mathematics (Mofokeng & Mji, 2009) . With an increase in confidence, mathematics teachers become more enthusiastic, interested, motivated and committed to embracing ICT in their teaching and learning environment (Attwell & Hughes, 2010; Uyangor & Gör, 2010) . The main variable (21J) was correlated with question 21I from Part VII, which focused on mathematics teachers' confidence in the pedagogical use of ICT; this correlation is shown in Table 4 .
A high practically significant association (V = 0.63) was indicated between TPACK and mathematics teachers' confidence in preparing lessons that involved learners' use of ICT. The 8% of teachers who were confident to prepare lessons that involved ICT were those who had adequate TPACK to select the appropriate strategies and resources best suited to the teaching and learning of mathematics. The absence of confidence of the non-TPACK teachers prevented them from using ICT for mathematics teaching and learning. If teachers are meaningfully exposed to continuous professional teacher development in TPACK they will become confident to explore the vast array of ICT resources (Daly, Pachler & Pelletier, 2010) . 
Barriers
The main variable (21J) was correlated with questions 23D, 23I and 30A from Part VII, which focused on the barriers to the use of ICT (Table 5 ). The respondents had the option to select from two categories (Yes or No). The non-TPACK mathematics teachers were requested to indicate whether they experienced barriers when using ICT during these activities. Figure 2 illustrates the items relating to barriers in using ICT.
A practically significant association (V = 0.42) was evident between non-TPACK and the use of ICT for teaching-related activities. Mathematics teachers' inadequate use of ICT for teaching-related activities was a major barrier to TPACK. Identifying useful ICT tools (V = 0.37) and ICT-related pedagogical skills (V = 0.32) showed a medium associated effect. Non-TPACK teachers experienced difficulties in selecting appropriate useful ICT tools and they acknowledged their insufficient TPACK.
In order to address teachers' limited TPACK, it is essential for mathematics teachers to participate in training for the integration of ICT. Only 15% of the South African mathematics teachers participating in SITES 2006 had access to ICT training, 19%to technical training and 32%to introductory courses (Law & Chow, 2008a) ; even fewer had access to training on the integration of ICT in the curriculum (SchoolNet South Africa, 2008) . Intel® Teach (Intel, 2012), a large teacher development program, identified one representative per school from 1000 schools across South Africa to attend ICT integration training. Their programme evaluation indicated that South African teachers demonstrated meagre ICT competencies, and that it would take at least five years to adequately train teachers to develop TPACK (Thomson & Wilson-Strydom, 2005) . However, none of these programmes were focused on developing mathematics teachers' ICT competencies. The majority of the mathematics teachers in the SITES 2006 study indicated that they wanted to prepare quality and interesting presentations and learning materials even though they had no ICT competencies (Law & Chow, 2008b) . The development of the teachers' TPACK would ensure ICT integration required by the e-Education White Paper (DOE, 2004) . It becomes evident that the first and foremost responsibility of the Department of Basic Education (DBE) is continuous professional teacher development. If teachers receive appropriate professional development relating to ICT integration, ICT can become embedded in their pedagogical practices (Mishra & Koehler, 2006) . Teachers would have access to support in their preparation and facilitation (Howie & Blignaut, 2009) . They would better assist their learners to methods of problem solving, contribute towards the development of 21st century learning skills and achieve the outcomes for Grade 8 mathematics (DOE, 2002; Nieuwoudt & Golightly, 2006) .
Mathematics teachers are willing to integrate ICT despite inadequate TPACK. However, insufficient resources at schools impact on teachers' ability to create rich learning environments to stimulate learners' curiosity and interest in mathematics. It is disheartening that only 10% of schools had tutorial software and 35% had general software for the teaching and learning of mathematics (Law & Chow, 2008b) . In some provinces, only 1% of schools were connected to the Internet for teaching and learning purposes. The numbers of computers in school have increased dramatically since the first SITES study in 1999 (Pelgrum, 2001) The White Paper on e-Education specifies that all managers and teachers should obtain access to personal computers to assist them during administrative tasks and during lesson preparation (DOE, 2004) . In 2008 the DBE initiated the laptop-for-all initiative (Mahlong, 2012) , aspiring to provide educators with laptops for the integration of teaching and learning, thereby improving the quality of education in, particularly, mathematics and science by 2011. The laptopfor-all initiative never got off the ground. The initial criterion was the number of years in service of the DBE and only 11.43% teachers received laptops. Similarly to other DBE initiatives, this critical ICT initiative is two years behind schedule, with little hope for the fulfilment of its aims. In a report, it was announced that the teacher laptop initiative is alive again and that broader plans for ICT progression are in the making (Mahlong, 2012) . However, no strategic plan is in place to support the initiative, and inadequate planning and insufficient resources discourage teachers to integrate ICT in their classrooms (Thomson & Wilson-Strydom, 2005) . In terms of the above findings, the professional development of teacher TPACK is challenged.
Conclusions
The research question that underpinned this secondary data analysis of the South African data of the SITES 2006 was to (1) they were able to access an abundance of resources for teaching and learning, (2) they could communicate with colleagues and peers regarding teaching and learning practices, (3) they became more innovative with their teaching and learning activities, (4) they could conduct all their administrative work, (5) they were able to facilitate interactive lessons and (6) they were confident using a variety of teaching and learning strategies best suited to achieve the outcomes of the curriculum. Raising the standard of mathematics education is a priority for the DBE (DBE, 2012) . The DBE advocates that ICT interventions could address the shortcomings in the education system (Parliamentary Monitoring Group, 2011). The authors therefore advocate addressing and developing the TPACK and confidence of mathematics teachers. The DBE (2012) is looking for ICT solutions to address teacher training, professional development and provide complementary teaching and learning resources so as to improve the quality of classroom teaching. It is imperative that role players within the education system strengthen and support the DBE and work collaboratively to address backlogs in the system.
